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1. Introduction

Before directly producing new heavy particles in high-energy collisions, historically often a
first indication for their existence has been the observation of their quantum effects in precision
observables. It is hence not surprising that while the LHC experiments ATLAS and CMS have not
discovered any new states so far, we have increasing evidence for several anomalies in the flavour
and precision sector, namely the so-ccalled � anomalies and the anomalous magnetic moment
(6 − 2)` of the muon. Strikingly, all these observables hint towards the violation of lepton flavour
universality.

In this proceedings article, we provide a brief review of the Spring 2022 status of the �
anomalies focussing on their potential resolution in terms of New Physics (NP). We also dis-
cuss the opportunities to test the NP at the LHC and future particle colliders, and highlight the
complementarity between flavour physics observables and direct searches.

2. The X(J (∗)) anomaly

A decade has passed since BaBar first announced an anomaly in the data for the lepton flavour
universality (LFU) ratios [1, 2]

'(� (∗) ) = BR(�→ � (∗)ga)
BR(�→ � (∗)ℓa)

(ℓ = 4, `) , (1)

finding both ratios above their Standard Model (SM) predictions. Today, having at hand the
measurements from BaBar, Belle [3–5] and LHCb [6–8], the significance of the anomaly amounts
to 3.3f [9]. Besides, also the ratio '(�/k) is found somewhat above its SM value [10]. On the
theory side, the ratios '(� (∗) ) are significantly cleaner than the individual branching ratios, as they
are independent of the CKM element |+21 | and the hadronic uncertainties largely cancel in the ratio.

Recently the LHCb collaboration announced a first measurement of [11]

'(Λ+2) = 0.242 ± 0.026 ± 0.040 ± 0.059 , (2)

testing LFU in the related baryonic Λ1 → Λ2ga/ℓa decays. Interestingly this result appears to
be a bit below the SM prediction '(Λ2)SM = 0.33 ± 0.01 [12], however the current uncertainties
prevent clear-cut conclusions. Notably, however, NP effects in '(Λ2) are not independent of the
enhancements seen in '(� (∗) ) – instead, the three ratios are related to each other by a model-
independent sum rule [13, 14]

'(Λ2)
'(Λ2)SM

' 0.262
'(�)
'(�)SM

+ 0.738
'(�∗)
'(�∗)SM

= 1.15 ± 0.04 , (3)

predicting an enhancement of '(Λ2) if the anomaly in '(� (∗) ) holds true. Future more precise
determinations of '(Λ2) will hence provide an experimental consistency check of the '(� (∗) )
anomaly.

NP in the underlying 1 → 2ga transition1 can be parametrised by the effective Hamiltonian

Heff = 2
√

2��+21
[
(1 + �!+ )$!+ + �'( $

'
( + �

!
($

!
( + �)$)

]
+ h.c. (4)

1NP effects in 1 → 24/`a are stringently constrained and cannot account for the observed tension.
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with the dimension-six four-fermion operators

$!+ = (2̄W`%!1)
(
ḡW`%!ag

)
, $'( = (2̄%'1) (ḡ%!ag) ,

$) = (2̄f`a%!1)
(
ḡf`a%!ag

)
, $!( = (2̄%!1) (ḡ%!ag) .

The corrensponding Wilson coefficients relate to the possible tree-level NP mediators as follows:

• �!
+
≠ 0: This one-dimensional scenario is generated by a heavy, ′ boson with left-handed

couplings [15, 16]. This NP model is put under severe pressure by electroweak precision
constraints [17] and direct LHC searches [18], and we will not pursue it further.

• �!,'
(

≠ 0: Contributions to the scalar operators are generated by the exchange of a charged
Higgs boson�− [19–21]. This scenario provides a particularly good fit to the low-energy data,
as it is the only one improving the agreement also in the polarisation observable �! (� (∗) ).
A very large branching ratio for the decay �� → ga is predicted in this case, however this
cannot be excluded at present [13, 14, 22].

• �!
+
, �'
(
≠ 0: This combination of Wilson coefficients is present in models with an (* (2)!-

singlet vector leptoquark*1 [23–26].

• �!
+
, �!
(
= −4�) ≠ 0: The (* (2)!-singlet scalar leptoquark (1 gives rise to this scenario

[27–29].

• �!
(
= 4�) ≠ 0: The (* (2)! doublet scalar leptoquark (2 can solve the '(� (∗) ) anomaly

provided that its couplings are CP-violating [30].

All of the leptoquark scenarios listed above provide a good fit to the '(� (∗) ) data, see [13, 14, 31–
33], and they are less stringently constrained by direct LHC searches. Note that we do not consider
NP models with light right-handed neutrinos, as they are stringently constrained by LHC data.

A particularly relevant LHC constraint on NP models for the '(� (∗) ) anomaly stems from
mono-g searches, as crossing symmetry relates 1 → 2ga to the process ?? → -ga [34]. Already
with the currently available Run 2 data, stringent constraints are available, and future runs of the
(HL-)LHC are expected to test all possible NP scenarios.

In particular, , ′ → ga resonance searches exclude the charged Higgs solution for <�− >
400GeV [35], while searches for light charged Higgses are plagued by the huge SM , → ga

background. This problem can be circumvented by requiring an additional 1-tagged jet in the final
state, as shown in [36]. For simplicity, in that study the minimal coupling scenario

Lint = +H&�−(1%'2) − Hg�−(g%!ag) + h.c. (5)

has been assumed, since additional charged Higgs couplings are not expected to qualitatively alter
the conclusions. Note that the Yukawa couplings H&, Hg are in general complex. Already with
the currently available data, the signature ?? → 1ga is capable of probing a large fraction of the
light charged Higgs parameter space, as shown in Fig. 1 for <�− = 180GeV. Together with the
constraint from (flavoured) dijet resonance searches [37], Run 2 data can test most of the charged
Higgs parameter space implied by the anomaly. Note that for heavier charged Higgs masses, the
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Figure 1: Constraints on the charged Higgs couplings H& and Hg , for <�− = 180GeV. The green and
yellow bands show the 1f and 2f regions implied by '(� (∗) ) data, while the dashed black contour depicts
the reach of the proposed 1ga search. See the original publication [36] for further details.

LHC search becomes even more powerful, due to the improved kinematic distinction from the SM
background.

Besides the charged Higgs, other potential NP solutions to the '(� (∗) ) anomaly introduce
one or several leptoquark states. While often considered “exotic”, leptoquarks are naturally present
in any theory unifying quarks and leptons, and their experimental discovery could provide hints
towards a possible unification of the SM gauge symmetry. In fact, leptoquark models currently are
the favoured solutions to the � anomalies, as they provide a neat explanation of why deviations from
the SM are first seen in semileptonic decay modes. In addition, leptoquarks are also less stringently
constrained by complementary flavour and collider observables, compared to other NP scenarios.

Among the various leptoquark models, probably the most popular one is the extension of
the SM by an (* (2)!-singlet vector leptoquark *1. This simplified model has been shown to be
the only single-particle scenario that can solve both the '(� (∗) ) and the 1 → Bℓ+ℓ− anomalies
[38]. That solution has been shown to be consistent with complementary flavour data, in particular
�B − �̄B mixing observables and the decays �→  (∗)aā. In addition, due to its conserved* (1)�−!
symmetry, the leptoquark does not induce proton decay. Lastly, this scenario is also appealing from
a model-building perspective, as the*1 leptoquark is contained in the Pati-Salam gauge group [39]

�PS = (* (4)2 × (* (2)! × (* (2)' (6)

unifying quarks and leptons. The main challenge for the comstruction of a UV-complete model is
then the need for a non-trivial flavour structure in the leptoquark couplings. Numerous attempts to
overcome this issue have been made in the literature, see e. g. [26, 40–46].

In what follows, we stay within the simplifiedmodel framework andmerely assume theminimal
*1 coupling scenario that is able to address the '(� (∗) ) anomaly. In this case, the vector leptoquark
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Figure 2: Left: Current flavour fit result on the leptoquark coupling parameters for fixed mass. The red
points are benchmark point for the subsequent LHC analysis, chosen within the 1f region. Right: LHC
exclusion contours from leptoquark pair production in the final states 1g Ca (solid) and 6�) searches (dashed).
Further details can be found in the original publication [49].

couples to left-handed fermions only, and its coupling matrix has the structure

_
[g ]
3;

=
©«

0 0 0
0 0 _Bg

0 0 _1g

ª®®¬ . (7)

This so-called g-isolation pattern can be motivated from residual family symmetries [47, 48].
Couplings to up-type quarks and neutrinos are implied by (* (2)! symmetry. Note that additional
couplings to second-generation leptons, as required by the 1 → Bℓ+ℓ− anomalies, are significantly
smaller than the third-generation lepton couplings, and hence the LHC phenomenology discussed
below does not change qualitatively in their presence.

Interestingly, the measurements of '(� (∗) ) and direct LHC searches provide complementary
information on the model’s parameter space [49]. While '(� (∗) ) data determine the combination
_Bg_1g/"2, the individual parameters can only be fixed with the help of high-?) data: The
leptoquark mass " can be determined through measuring the cross-section of leptoquark pair
production and the invariant mass of the leptoquark decay products. The ratio of the couplings
_1g/_Bg is then fixed by measuring the branching ratios into third- vs. second-generation final state
quarks.

Fig. 2 shows the current status of this procedure, as performed in [49]. While the flavour
data (left panel) constrain the product of coupling parameters _Bg_1g , the red benchmark points
with vastly different ratios _1g/_Bg lead to equal '(� (∗) ) values. However, the quark-generation
specific leptoquark search for the 1g Ca final state [50–52] is highly sensitive to the latter ratio,
which leads to a strong dependence of the mass reach of the current experimental analysis on the
latter ratio (right panel, solid contours). Contrary, searches for final states with missing transverse
energy (right panel, dashed contours) are more inclusive, resulting in a much weaker dependence on
the leptoquark couplings. If eventually leptoquarks are discovered in future direct searches, a full
exploration of their decay channels will be crucial to fully determine the parameters of the model
and thereby gain insight on the underlying flavour structure.
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Figure 3: Global fit of the Wilson coefficients �`9,10 to the 1 → Bℓ+ℓ− data. Figure taken from [62], where
further details can be found.

3. Anomalies in b → sℓ+ℓ− transitions

Another intriguing set of anomalies has emerged in observables related to 1 → Bℓ+ℓ− transi-
tions. The first hint for a deviation from the SM has been found by LHCb in the angular distribution
of the �→  ∗`+`− decay [53, 54], followed by tensions in the LFU ratios [55–57]

'( (∗) ) = BR(�→  (∗)`+`−)
BR(�→  (∗)4+4−)

(8)

and some less significant discrepancies in BR(�B → `+`−) [58–60], BR(�B → q`+`−) [61] etc.
On the theory side, 1 → Bℓ+ℓ− transitions are described by the effective Hamiltonian

Heff = −
4��√

2
+∗C1+CB

42

16c2

∑
8

(�8$8 + � ′8$ ′8) + h.c. , (9)

where the operators most sensitive to NP are:

• $ (′)7W =
<1

4
( B̄f`a%' (!)1)�`a: This operator is always loop-induced, and it governs the

1 → BW transition. Its contribution to �→  ∗ℓ−ℓ− is enhanced in the @2 → 0 limit;

• $ (′)9,10 = ( B̄1)+∓�(ℓ̄ℓ)+ ,�: The semileptonic four-fermion operators are loop-suppressed in
the SM, but can be generated at tree level in the presence of NP.

Global fits of the corresponding Wilson coefficients to 1 → Bℓ+ℓ− data show that even the
simple one-dimensional NP scenarios

X�
`

9 ∼ −0.73 X�
`

9 = −X�
`

10 ∼ −0.39 (10)

lead to a significant improvement of the quality of the fit, compared to the SM-only hypothesis
[62, 63]. The latter scenario turns out to be slightly preferred due to the suppression of BR(�B →
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`+`−) relative to the SM and due to the relative size of NP effects in '( ) and '( (∗) ). It is also
attractive from amodel-building perspective, as it requires NP only in the interactions of left-handed
fermions. The two-dimensional fit result for X�`9 , X�

`

10 ≠ 0 is shown in Fig. 3. Note that a small
flavour-universal NP contribution to �9, possibly generated by loop-effects, further improves the
goodness of fit [64].

Numerous NP models explaining the anomalies have been discussed in the literature. Since
the required size of NP effects is substantially smaller than in the case of '(� (∗) ), loop-induced
NP is a viable option, see e. g. [65–68]. However, also tree-level NP contributions are possible,
either from / ′ gauge bosons [69–75] or leptoquarks [23–25, 76, 77]. Note that the 1B/ ′ coupling is
stringently constrained by �B− �̄B mixing data, requiring in turn a rather large / ′ coupling to muons
[69, 70]. Among the various leptoquark models, the case of the (* (2)!-singlet vector leptoquark
sticks out, since – as mentioned before – it is the only single-particle solution to both the 1 → Bℓ+ℓ−

anomalies.
The scale of NP can be estimated by translating the global fit result into the SMEFTLagrangian,

finding that the minimal solution of the 1 → Bℓ+ℓ− anomalies requires the operator

(&̄2&3) ( !̄2!2) (11)

to be generated at the scale ΛNP ∼ 40TeV. Here &8 and !8 denote the 8th generation left-handed
quark and lepton doublet, respectively. Clearly such a large NP scale precludes the direct production
of new particles at the (HL-)LHC, and searches for deviations from the SM in high-?) di-muon
tails have been shown to have a limited reach [78]. A signifcantly larger part of the NP model space
underlying the 1 → Bℓ+ℓ− anomalies could be probed at a future hadron collider with collision
energies around 100TeV, and particularly promising results are to be expected from a muon collider
which should be able to probe most of the NP parameter space [79–81]. It is worth noting that the
latter would also allow us to explore the potential NP behind the long-standing (6 − 2)` anomaly
[82].

4. Summary

In the absence of a NP signal in direct LHC searches, the flavour anomalies are among the
strongest hints for the presence of new particles at or around the TeV scale.

The '(� (∗) ) anomaly, on the one hand, persists; however it is scrutinised by related flavour
observables, note in particular the '(Λ2) sum rule. Due to the requiired low NP scale, direct
searches for the underlying new particles at the LHC are very promising, and their complementarity
with flavour observables will turn out useful in the complete determination of the underlying NP
parameter space.

The 1 → Bℓ+ℓ− anomalies, on the other hand, can consistently be resolved within a global NP
fit, requiring as little as one new parameter in the effective Lagrangian description. Generically, in
case of new tree-level contributions, the underlying NP scale lies well beyond the reach of the LHC,
requiring the construction of a new high(er)-energy hadron or muon collider. The latter endeavor
is also motivated by the notorious (6 − 2)` anomaly.

In either case it is crucial to explore the complementarity between flavour and collider data in
order to fully unravel the underlying NP and its flavour structure.

7



P
o
S
(
L
H
C
P
2
0
2
2
)
0
1
7

Theory Perspective on Heavy Flavour Physics

Acknowledgements I would like to thank the organisers for inviting me to present this overview
at the LHCP 2022 conference. My work is supported by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation) under grant 396021762 – TRR 257.

References

[1] J. P. Lees et al. [BaBar], Phys. Rev. Lett. 109 (2012), 101802 [arXiv:1205.5442 [hep-ex]].

[2] J. P. Lees et al. [BaBar], Phys. Rev. D 88 (2013) no.7, 072012 [arXiv:1303.0571 [hep-ex]].

[3] S. Hirose et al. [Belle], Phys. Rev. Lett. 118 (2017) no.21, 211801 [arXiv:1612.00529 [hep-
ex]].

[4] S. Hirose et al. [Belle], Phys. Rev. D 97 (2018) no.1, 012004 [arXiv:1709.00129 [hep-ex]].

[5] A. Abdesselam et al. [Belle], [arXiv:1904.08794 [hep-ex]].

[6] R. Aaij et al. [LHCb], Phys. Rev. Lett. 115 (2015) no.11, 111803 [erratum: Phys. Rev. Lett.
115 (2015) no.15, 159901] [arXiv:1506.08614 [hep-ex]].

[7] R. Aaij et al. [LHCb], Phys. Rev. Lett. 120 (2018) no.17, 171802 [arXiv:1708.08856 [hep-ex]].

[8] R. Aaij et al. [LHCb], Phys. Rev. D 97 (2018) no.7, 072013 [arXiv:1711.02505 [hep-ex]].

[9] Y. Amhis et al. [HFLAV], [arXiv:2206.07501 [hep-ex]].

[10] R. Aaij et al. [LHCb], Phys. Rev. Lett. 120 (2018) no.12, 121801 [arXiv:1711.05623 [hep-ex]].

[11] R. Aaij et al. [LHCb], Phys. Rev. Lett. 128 (2022) no.19, 191803 [arXiv:2201.03497 [hep-ex]].

[12] W.Detmold, C. Lehner and S.Meinel, Phys. Rev.D 92 (2015) no.3, 034503 [arXiv:1503.01421
[hep-lat]].

[13] M. Blanke, A. Crivellin, S. de Boer, T. Kitahara, M. Moscati, U. Nierste and I. Nišandžić,
Phys. Rev. D 99 (2019) no.7, 075006 [arXiv:1811.09603 [hep-ph]].

[14] M. Blanke, A. Crivellin, T. Kitahara, M. Moscati, U. Nierste and I. Nišandžić,
[arXiv:1905.08253 [hep-ph]].

[15] X. G. He and G. Valencia, Phys. Rev. D 87 (2013) no.1, 014014 [arXiv:1211.0348 [hep-ph]].

[16] A. Greljo, G. Isidori and D. Marzocca, JHEP 07 (2015), 142 [arXiv:1506.01705 [hep-ph]].

[17] F. Feruglio, P. Paradisi and A. Pattori, JHEP 09 (2017), 061 [arXiv:1705.00929 [hep-ph]].

[18] D. A. Faroughy, A. Greljo and J. F. Kamenik, Phys. Lett. B 764 (2017), 126-134
[arXiv:1609.07138 [hep-ph]].

[19] J. Kalinowski, Phys. Lett. B 245 (1990), 201-206

[20] W. S. Hou, Phys. Rev. D 48 (1993), 2342-2344

8



P
o
S
(
L
H
C
P
2
0
2
2
)
0
1
7

Theory Perspective on Heavy Flavour Physics

[21] A. Crivellin, C. Greub and A. Kokulu, Phys. Rev. D 86 (2012), 054014 [arXiv:1206.2634
[hep-ph]].

[22] J. Aebischer and B. Grinstein, JHEP 07 (2021), 130 [arXiv:2105.02988 [hep-ph]].

[23] R. Alonso, B. Grinstein and J. Martin Camalich, JHEP 10 (2015), 184 [arXiv:1505.05164
[hep-ph]].

[24] L. Calibbi, A. Crivellin and T. Ota, Phys. Rev. Lett. 115 (2015), 181801 [arXiv:1506.02661
[hep-ph]].

[25] S. Fajfer and N. Košnik, Phys. Lett. B 755 (2016), 270-274 [arXiv:1511.06024 [hep-ph]].

[26] M. Bordone, C. Cornella, J. Fuentes-Martin and G. Isidori, Phys. Lett. B 779 (2018), 317-323
[arXiv:1712.01368 [hep-ph]].

[27] N. G. Deshpande and A. Menon, JHEP 01 (2013), 025 [arXiv:1208.4134 [hep-ph]].

[28] M. Tanaka andR.Watanabe, Phys. Rev. D 87 (2013) no.3, 034028 [arXiv:1212.1878 [hep-ph]].

[29] Y. Sakaki, M. Tanaka, A. Tayduganov and R. Watanabe, Phys. Rev. D 88 (2013) no.9, 094012
[arXiv:1309.0301 [hep-ph]].

[30] D. Bečirević, I. Doršner, S. Fajfer, N. Košnik, D. A. Faroughy and O. Sumensari, Phys. Rev.
D 98 (2018) no.5, 055003 [arXiv:1806.05689 [hep-ph]].

[31] C. Murgui, A. Peñuelas, M. Jung and A. Pich, JHEP 09 (2019), 103 [arXiv:1904.09311
[hep-ph]].

[32] R. X. Shi, L. S. Geng, B. Grinstein, S. Jäger and J. Martin Camalich, JHEP 12 (2019), 065
[arXiv:1905.08498 [hep-ph]].

[33] J. Aebischer, W. Altmannshofer, D. Guadagnoli, M. Reboud, P. Stangl and D. M. Straub, Eur.
Phys. J. C 80 (2020) no.3, 252 [arXiv:1903.10434 [hep-ph]].

[34] A. Greljo, J. Martin Camalich and J. D. Ruiz-Álvarez, Phys. Rev. Lett. 122 (2019) no.13,
131803 [arXiv:1811.07920 [hep-ph]].

[35] S. Iguro, Y. Omura and M. Takeuchi, Phys. Rev. D 99 (2019) no.7, 075013 [arXiv:1810.05843
[hep-ph]].

[36] M. Blanke, S. Iguro and H. Zhang, JHEP 06 (2022), 043 [arXiv:2202.10468 [hep-ph]].

[37] S. Iguro, Phys. Rev. D 105 (2022) no.9, 095011 [arXiv:2201.06565 [hep-ph]].

[38] D. Buttazzo, A. Greljo, G. Isidori and D. Marzocca, JHEP 11 (2017), 044 [arXiv:1706.07808
[hep-ph]].

[39] J. C. Pati and A. Salam, Phys. Rev. D 10 (1974), 275-289 [erratum: Phys. Rev. D 11 (1975),
703-703]

9



P
o
S
(
L
H
C
P
2
0
2
2
)
0
1
7

Theory Perspective on Heavy Flavour Physics

[40] L. Di Luzio, A. Greljo and M. Nardecchia, Phys. Rev. D 96 (2017) no.11, 115011
[arXiv:1708.08450 [hep-ph]].

[41] L. Calibbi, A. Crivellin and T. Li, Phys. Rev. D 98 (2018) no.11, 115002 [arXiv:1709.00692
[hep-ph]].

[42] A. Greljo and B. A. Stefanek, Phys. Lett. B 782 (2018), 131-138 [arXiv:1802.04274 [hep-ph]].

[43] S. Balaji, R. Foot andM. A. Schmidt, Phys. Rev. D 99 (2019) no.1, 015029 [arXiv:1809.07562
[hep-ph]].

[44] R. Barbieri, C. W. Murphy and F. Senia, Eur. Phys. J. C 77 (2017) no.1, 8 [arXiv:1611.04930
[hep-ph]].

[45] M. Blanke and A. Crivellin, Phys. Rev. Lett. 121 (2018) no.1, 011801 [arXiv:1801.07256
[hep-ph]].

[46] J. Fuentes-Martin, G. Isidori, J. M. Lizana, N. Selimovic and B. A. Stefanek,
[arXiv:2203.01952 [hep-ph]].

[47] J. Bernigaud, I. de Medeiros Varzielas and J. Talbert, JHEP 01 (2020), 194 [arXiv:1906.11270
[hep-ph]].

[48] J. Bernigaud, I. de Medeiros Varzielas and J. Talbert, Eur. Phys. J. C 81 (2021) no.1, 65
[arXiv:2005.12293 [hep-ph]].

[49] J. Bernigaud, M. Blanke, I. d. Varzielas, J. Talbert and J. Zurita, [arXiv:2112.12129 [hep-ph]].

[50] A. M. Sirunyan et al. [CMS], Phys. Lett. B 819 (2021), 136446 [arXiv:2012.04178 [hep-ex]].

[51] G. Aad et al. [ATLAS], Phys. Rev. D 104 (2021) no.11, 112005 [arXiv:2108.07665 [hep-ex]].

[52] G. Belanger, A. Bharucha, B. Fuks, A. Goudelis, J. Heisig, A. Jueid, A. Lessa, K. A. Mohan,
G. Polesello and P. Pani, et al. JHEP 02 (2022), 042 [arXiv:2111.08027 [hep-ph]].

[53] R. Aaij et al. [LHCb], JHEP 08 (2013), 131 [arXiv:1304.6325 [hep-ex]].

[54] R. Aaij et al. [LHCb], Phys. Rev. Lett. 125 (2020) no.1, 011802 [arXiv:2003.04831 [hep-ex]].

[55] R. Aaij et al. [LHCb], JHEP 08 (2017), 055 [arXiv:1705.05802 [hep-ex]].

[56] R. Aaij et al. [LHCb], Phys. Rev. Lett. 122 (2019) no.19, 191801 [arXiv:1903.09252 [hep-ex]].

[57] R. Aaij et al. [LHCb], Nature Phys. 18 (2022) no.3, 277-282 [arXiv:2103.11769 [hep-ex]].

[58] M. Aaboud et al. [ATLAS], JHEP 04 (2019), 098 [arXiv:1812.03017 [hep-ex]].

[59] A. M. Sirunyan et al. [CMS], JHEP 04 (2020), 188 [arXiv:1910.12127 [hep-ex]].

[60] R. Aaij et al. [LHCb], Phys. Rev. D 105 (2022) no.1, 012010 [arXiv:2108.09283 [hep-ex]].

[61] R. Aaij et al. [LHCb], Phys. Rev. Lett. 127 (2021) no.15, 151801 [arXiv:2105.14007 [hep-ex]].

10



P
o
S
(
L
H
C
P
2
0
2
2
)
0
1
7

Theory Perspective on Heavy Flavour Physics

[62] W. Altmannshofer and P. Stangl, Eur. Phys. J. C 81 (2021) no.10, 952 [arXiv:2103.13370
[hep-ph]].

[63] M. Algueró, B. Capdevila, S. Descotes-Genon, J. Matias and M. Novoa-Brunet, Eur. Phys. J.
C 82 (2022) no.4, 326 [arXiv:2104.08921 [hep-ph]].

[64] A. Crivellin, C. Greub, D. Müller and F. Saturnino, Phys. Rev. Lett. 122 (2019) no.1, 011805
[arXiv:1807.02068 [hep-ph]].

[65] P. Arnan, L. Hofer, F. Mescia and A. Crivellin, JHEP 04 (2017), 043 [arXiv:1608.07832
[hep-ph]].

[66] P. Arnan, A. Crivellin, M. Fedele and F. Mescia, JHEP 06 (2019), 118 [arXiv:1904.05890
[hep-ph]].

[67] G. Belanger, C. Delaunay and S. Westhoff, Phys. Rev. D 92 (2015) 055021 [arXiv:1507.06660
[hep-ph]].

[68] J. F. Kamenik, Y. Soreq and J. Zupan, Phys. Rev. D 97 (2018) no.3, 035002 [arXiv:1704.06005
[hep-ph]].

[69] W. Altmannshofer and D. M. Straub, Eur. Phys. J. C 73 (2013), 2646 [arXiv:1308.1501
[hep-ph]].

[70] L. Di Luzio,M.Kirk, A. Lenz and T. Rauh, JHEP 12 (2019), 009 [arXiv:1909.11087 [hep-ph]].

[71] R. Gauld, F. Goertz and U. Haisch, JHEP 01 (2014), 069 [arXiv:1310.1082 [hep-ph]].

[72] W. Altmannshofer, S. Gori, M. Pospelov and I. Yavin, Phys. Rev. D 89 (2014), 095033
[arXiv:1403.1269 [hep-ph]].

[73] A. Crivellin, G. D’Ambrosio and J. Heeck, Phys. Rev. D 91 (2015) no.7, 075006
[arXiv:1503.03477 [hep-ph]].

[74] S. Descotes-Genon, M. Moscati and G. Ricciardi, Phys. Rev. D 98 (2018) no.11, 115030
[arXiv:1711.03101 [hep-ph]].

[75] A. Crivellin, C. A. Manzari, W. Altmannshofer, G. Inguglia, P. Feichtinger and J. Martin
Camalich, [arXiv:2202.12900 [hep-ph]].

[76] G. Hiller and M. Schmaltz, JHEP 02 (2015), 055 [arXiv:1411.4773 [hep-ph]].

[77] D. Bečirević, S. Fajfer, N. Košnik and O. Sumensari, Phys. Rev. D 94 (2016) no.11, 115021
[arXiv:1608.08501 [hep-ph]].

[78] A. Greljo and D. Marzocca, Eur. Phys. J. C 77 (2017) no.8, 548 [arXiv:1704.09015 [hep-ph]].

[79] G. y. Huang, S. Jana, F. S. Queiroz andW. Rodejohann, Phys. Rev. D 105 (2022) no.1, 015013
[arXiv:2103.01617 [hep-ph]].

11



P
o
S
(
L
H
C
P
2
0
2
2
)
0
1
7

Theory Perspective on Heavy Flavour Physics

[80] W. Altmannshofer, S. A. Gadam and S. Profumo, [arXiv:2203.07495 [hep-ph]].

[81] A.Azatov, F.Garosi, A.Greljo, D.Marzocca, J. Salko andS. Trifinopoulos, [arXiv:2205.13552
[hep-ph]].

[82] R. Capdevilla, D. Curtin, Y. Kahn and G. Krnjaic, Phys. Rev. D 105 (2022) no.1, 015028
[arXiv:2101.10334 [hep-ph]].

12


	Introduction
	normalnormalThe R(D(*)) anomaly
	normalnormalAnomalies in b s +- transitions
	Summary

